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FOREWORD 


nuclear weapons are being viewed with growing anxiety by all 
mankind. 

Scientists cannot remain unconcerned when they are faced with 
the consequences of some of the applications of science: to make 
known the laws of nature and the way in which these can be used 
for the benefit of all—these should be the tasks of scientists. They 
are qualified by their training and by their work to study the tech- 
nical aspects of the problems posed by the existence of nuclear 
weapons, and they must put their considered opinions before the 
public at large. 

The World Federation of Scientific Workers has for several 
years been concerned with these problems as a whole and feels sure 
that the publication of this pamphlet on the effects of test explosions 
of atomic and thermonuclear weapons will be welcomed by the 
general public as well as by a great number of scientists. Carefully 
documented, it has been prepared with the help of American, British, 
French, Japanese and Russian scientists and includes comments on 
some of the most recent publications on the subject. 

The appearance of the pamphlet at this moment is indeed timely. 
Everyone realises more and more the dangers these test explosions 
can involve. Yet it is also quite clear that the new trends in the 
international situation offer the prospect of an agreement between 
the great powers concerned on the cessation of tests of atomic and 
thermonuclear weapons. 

The fact that the control of the application of such an agreement 
does not present any major technical difficulties should make it easier 
to achieve: any increase of the radioactivity of the ground or of the 
air as a result of the dispersal of radioactive products arising from an 
explosion can be readily detected, and there are also other methods 
by which explosions of nuclear weapons can be detected from afar. 

On the other hand, if test explosions continue, even at their 
present rate, we can predict that certain delayed results will ensue. 
The accumulation of persistent radioactivity in atmospheric dust and 
in rainwater involves the danger of grave genetic damage in human 
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r ‘HE existence, development and accumulation of stocks of 


beings as a result of their exposure to doses of radiation above the 
natural level for a long period. 

With the present state of our knowledge, in fact, there are very 
many uncertain factors: what, for instance, is the exact dose of radia- 
tion to which the world population has been exposed by the test 
explosions so far? What is the quantitative relation between the radia- 
tion dose and the mutation rate? What number of mutations must 
be regarded as the danger line for the human species or for the 
population of any given country? These are some of the problems 
discussed in this pamphlet. 

To continue test explosions of nuclear weapons is to assume a 
very heavy responsibility since we have inadequate knowledge of the 
results and no one can guarantee that they are not serious. On 
the contrary everything we know (particularly the information pub- 
lished recently on strontium-go) leads us to think that we are nearer 
than we thought to the limit of the number of test explosions above 
which the danger will be manifest. 

The choice then is clear: on the one hand there is the risk of 
increasing suffering and death for many generations over the whole 
world; on the other, the possibility of ending this danger by con- 
cluding an agreement to cease from further test explosions. This latter 
course would at the same time encourage the development of an 
atmosphere of mutual confidence in which the powers concerned 
could more easily make further advances along the road to controlled 
disarmament. 

All scientists who realise the gravity of the problem owe it to 
their colleagues and all those around them to help them to form an 
opinion based on information and reasoned argument. This pamphlet 
will have done its work if it serves to clarify the nature of the choice 
before us and above all to show the need for this choice. It is assured 
of a wide circulation through all the national organisations affiliated 
to our Federation, but there is no doubt that many other organisations 
of scientific workers will find it of great interest. 

The Federation will welcome any enquiries which this publication 


may arouse. 
_ 
ens oe 


Membre de Institut, For.Mem.R.S., Nobel Laureate 
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age with a choice more momentous than any which has 

confronted humanity in any previous era of recorded history: 
to usc our knowledge of nature, particularly in the rcalm of nuclear 
physics, to increase beyond all imagining the prosperity and wealth 
at the disposal of mankind; or to use this same knowledge to encompass 
ruin and devastation on such a scale that the continued existence 
of any highly organised form of socicty is made inconceivable and 
even that of man himself placed in jeopardy. 

Scientists, or at least those of them with any social conscience, 
feel particularly concerned at the manner in which this choice is 
being faced. Since it is the application of their work which has been 
so largely responsible for the dilemma, they feel a special responsi- 
bility for sceing it resolved with wisdom and foresight. 

All seem now agreed that a major world war in which H-bombs 
and A-bombs are used on a large scale would undo most of the great 
achievements of mankind during the past several thousand years. But 
many suspect that even the present period of a relentless arms race 
in nuclear weapons with its accompaniment of periodical series of 
tests of these weapons is also capable of gravely injuring the human 
race. It is the purpose of this pamphlet to discuss the problem of 
the continued testing of nuclear weapons, to examine the implications 
and gencral effects of these tests and to relate the question of their 
prohibition to the wider problem of nuclear energy as a whole and 
the choice it places before us. 


To APPLICATION of scientific discovery has presented our own 


Types of nuclear 


weapons tested 


been tested during the ten years since the first test at Alamogordo, 
New Mexico, in July 1945. It is generally believed, however, that 
actually three main types have been tested. 


T IS CERTAIN that at least two main types of nuclear weapons have 


(a) Atomic (or fission) bomb. This bomb consists of fissile material 
such as uranium-235 or plutonium detonated by bringing together a 
number of lumps of these materials, each of them smaller than the 
critical mass but forming, when brought together, a lump larger than 
this critical mass. This critical mass is believed to be about 30 lb for 
uranium-235 and somewhat smaller for plutonium. The first bombs 
tested had an explosive power equivalent to 20000 tons of T.N.T. 
Increase in the effcctive explosive power could be achieved by in- 
creasing the efficiency of utilisation of the fissile material and by 
increasing the number of pieces of material brought together to 
detonate the bomb. But it seems unlikely that the explosive power 
of an A-bomb could be increased more than five to ten times by 
these means. 


(b) Hydrogen (or fusion or thermonuclear) bomb. This type relies for 
its explosive action on the sudden evolution of energy in a “‘fusion’’ 
process in which various forms of hydrogen (particularly deuterium 
and tritium) interact to produce helium. The process that takes place 
is essentially analogous to combustion. But the “‘match” required to 
“ignite” it must produce an initial temperature of some millions of 
degrees centigrade. Such temperatures have so far, it is generally 
believed, been produced only by exploding an atomic bomb which 
acts as the “‘match’’. 

The hydrogen nuclear fuel is placed round the atomic bomb. By 
incorporating varying amounts of this fuel H-bombs of any explosive 
power greater than that of the A-bomb can in principle be produced. 
Weight for weight the hydrogen nuclear fuel produces about six times 
as much heat as uranium or plutonium. The tritium is an unstable 
form of hydrogen with a half-life of about twelve years, and cannot 
therefore be stored for many years. It is believed that the solid material, 
lithium deuteride, a compound of lithium and deuterium, is used as 
the thermonuclear fuel. Neutrons from the A-bomb which are used 
to detonate the explosion produce tritium when they react with 
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lithium nuclei. A complicated series of nuclear reactions between 
tritium, deuterium and lithium at the high temperature of the bomb 
generate the energy necded for the explosion to proceed. 


(c) Fisston-fuston-fission bomb. The third type of bomb believed 
to have been tested consists of an H-bomb surrounded by a shell, 
some inches thick, of ordinary uranium. Copious quantities of fast 
neutrons are produced in the fusion reactions involving deuterium 
and tritium. These are able to produce fission in uranium-238. Thus 
all the uranium in the shell is potentially available for increasing 
greatly the energy of the explosion. Since uranium-238 and lithium 
deuteride are incomparably less expensive than uranium-235 or 
plutonium the explosive power of an A-bomb may be increased 
enormously without any proportional increase in cost. Bombs of this 
type in the 1o-million-ton T.N.T. equivalent class are said to have 
been tested. 


We have here classified the types of bomb according 
to the physical processes that occur in them. Some are con- 
structed in a form capable of use from artillery and are said 
to be for “tactical”? purposes. Whether classified as “tactical*’ 
or “strategic”? weapons, however, the types of physical effect 
they produce are the same. 


Tests so far 


carried out 


such tests have been carried out by the U.S.A., of which at 

least four are believed to have involved thermonuclear weapons 
or weapons of the fission-fusion-fission type. In addition there were 
the two A-bombs used against Hiroshima and Nagasaki in August 
1945. Five tests, all of fission weapons, have been carried out by the 
United Kingdom Government. The U.S.S.R. has tested at least 
twelve atomic weapons, including at least two thermonuclear or 
fission-fusion-fission devices. 

The largest weapons so far tested appear to have been the 
American bombs tested at Bikini in March 1954 and at Eniwetok 
in May 1956 and the weapons tested by the U.S.S.R. in December 
1955. All these weapons seem to have had an explosive power of 
about 10 megatons equivalent of T.N.T. and all have no doubt 
contributed to the increase of the general radioactivity of the atmo- 
sphere throughout the world. Both the Soviet bombs and the recent 
Eniwetok bombs were detonated at a great height so that there have 
been no reports of effects due to local fall-out of radioactive particles. 

The American explosion at Bikini in March 1954, on the other 
hand, caused very grave effects due to local fall-out and its results 
stirred the conscience of the world and started a world-wide con- 
troversy about the ethical problems raised by the continued testing 
of such weapons. Catastrophe overwhelmed the crew of the little 
Japanese fishing boat Fukuryu Maru with the effects described below, 
while over 300 Marshall Islanders and American military personnel 
on Roongelap Atoll and other atolls up to 250 miles from Bikini 
were seriously injured. 


S= THE FIRST atomic weapons test of 16 July 1945 about sixty 
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The physical effects 


of nuclear explosions 


statements from official sources, may be classified under the 

headings of blast, heat flash, immediate nuclear radiation and 
radioactive fall-out. Since it is assumed that tests are always likely to 
be conducted under conditions in which the direct effects of the first 
three of these do not represent a hazard for human life, most attention 
in the remainder of this discussion will be devoted to the effects of 
the persistent radioactivity from the fall-out. The effects are given 
for two bombs, one of 20 kilotons T.N.T. equivalent (the size of the 
bomb used at Hiroshima) and the other of 10 megatons T.N.T. 
equivalent (about the size of the bomb tested at Bikini on 1 March 
1954). 


(i) Blast. The radius from the centre of the explosion at which a 
certain level of destruction is produced by blast is proportional to 
the cube root of the explosive power of the bomb. For a bomb of 
20 kilotons T.N.T. equivalent, multi-storey brick buildings would be 
completely destroyed at a distance of 1 mile. For a bomb of 10 mega- 
tons T.N.T. equivalent the corresponding radius of complete 
destruction would be 8 miles. Serious damage to structures would 
persist for at least twice this distance. 


T* PHYSICAL EFFECTS of nuclear explosions, as revealed in 


(ii) Heat flash. Neglecting atmospheric absorption, the radius from 
the centre of the explosion at which the heat radiation intensity reaches 
a certain level is proportional to the square root of the size of the 
weapon. Serious skin burns may be produced by an incident heat 
radiation flux of 3 calories per sq.cm. For a 20-kiloton bomb the 
heat radiation flux would reach this level at a distance of 2 miles. 
The corresponding figure for a 1o-megaton bomb, neglecting 
atmospheric absorption, would be 44 miles. But atmospheric absorption, 
even on a clear day, might reduce this figure by a factor of 4. 


(ili) Immediate nuclear radiation. This consists of gamma rays and 
neutrons. The dose of gamma radiation that will prove fatal (the 
lethal dose) depends to some extent on how the dose is received and 
on the individual receiving it. If absorbed in the course of a few days, 
a dose in excess of 200 réntgens may cause death to a few. One of 


II 


400 r will prove fatal in about 50 per cent of cases while a dose of 
600 r will prove fatal to virtually all. It seems reasonable then to 
take a figure of 500 r as the lethal dose since it would prove fatal 
to the great majority of those receiving it. 


On the other hand such a dose extended over a long period, 
say thirty years, would probably have no noticeable consequences. 
A dose of 500 réntgens would be received instantaneously at a dis- 
tance of 0-75 miles from a 20-kiloton bomb. But owing to strong 
atmospheric absorption the corresponding figure for a 10-megaton 
bomb is only 2 miles. 


The lethal number of fast neutrons is 10!! per sq.cm. Such a 
dose would be received at a distance of 0-3 miles for the 20-kiloton 
bomb and at 0-7 miles for the 10-megaton bomb. For slow neutrons 
the lethal number is 5 x10" per sq.cm., a dose which would be 
received at distances of 0-35 miles and 0-8 miles respectively for the 
two bombs. 


(iv) Persistent radioactivity. In an atomic bomb of 20 kilotons T.N.T. 
equivalent about 2 lb of radioactive materials are produced. One 
minute after the explosion of such a bomb the intensity of gamma 
radioactivity of all the fission products is equal to 8-2 x 101 curies. 
The radioactive intensity decreases rapidly, however, so that at a 
time ¢ seconds after the explosion the rate of emission of gamma-ray 
photons is equal to 4:1 X10 ¢1:? per second while the rate of 
emission of beta particles from the fission products amounts to about 
twice that of gamma ray photons. After one year the total gamma ray 
intensity has decayed to 1:1 x105 curies and after ten years to 
8 x 10% curies. 


An H-bomb such as described in (4) above should not produce 
an appreciably greater amount of persistent radioactivity than is 
produced by the A-bomb that forms the detonating core, since the 
fusion process gives rise to very little persistent radioactivity compared 
with that produced by the fission products. In fact the persistent 
radioactivity produced by the Bikini explosion of 1 March 1954 was 
many hundreds of times greater than would have been expected from 
an H-bomb. It has therefore been concluded that this explosion was 
of a fission-fusion-fission type of weapon such as is described in (c) 
above. We describe below the effects of persistent radioactivity from 
such a bomb of explosive power equivalent to 10 megatons of T.N.T. 
producing 1 100 lb of fission products. These effects are roughly 
proportional to the amount of uranium (or other fissile material) 
contained in the bomb. 


The effects produced by such an explosion. will depend on the 
12 


height at which it is exploded above the ground. If it is exploded 
at a great height (several thousand feet above ground level) the 
radioactive particles produced are very small and very slow in 
settling. They may remain in the atmosphere for months or cven 
years before being deposited with rain or otherwise. In this case the 
effect of the explosion will be to increasc the level of radioactive effects 
all over the world and the local effects will in general be limited. The 
long-lived radioactive products (of which the most important are 
strontium-go with a half-life of 19-9 years and cacsium-137 with a 
half-life of 33 years) are much more important than the shorter-lived 
isotopes most of which will have decayed before deposition occurs. 

However, if the explosion occurs so close to the ground that the 
fireball touches the ground, a large fraction of the radioactive fission 
products will be associated with dust particles which will fall out 
from the upper atmosphere soon after the explosion. The heavier 
particles will fall out close to the explosion centre within a few hours. 
The lighter particles will travel greater distances and may fall out 
over a greater area within a few days of the explosion. Some of the 
radioactivity will not be associated with dust particles and will spread 
round the world, increasing the general level of radioactivity when it is 
eventually deposited. Owing to the continuing decay of the radio- 
activity, the dose that will be received by human beings will be smaller 
the longer the radioactive products remain in the atmosphere. 

In the case of such a near-ground explosion some of the shorter- 
lived radioactive isotopes such as strontium-89 (half-life 53 days) and 
iodine-131 (half-life 8.14 days) are of great importance. The Bikini 
explosion of March 1954 took place at low level, so that the fireball 
touched the ground. The wind speed in the upper atmosphere is 
estimated to have been 20 miles per hour; the belt of lethal intensity 
of radioactive fall-out (i.e. the belt in which an exposed person in the 
open would receive a total dose of 500 réntgens) extended 140 miles 
down wind and over a width varying up to 20 miles. If the upper 
atmosphere wind speed had been 60 miles per hour the down-wind 
belt of lethal intensity would have extended to 300 miles, while if 
the soil conditions had been different the dust might have been even 
finer and the area of fall-out even greater. 

W. Libby [12], the well-known radiochemist and member of 
the U.S. Atomic Energy Commission, has envisaged the contamina- 
tion of an area up to 100 000 square miles by a near-ground explosion 
of a 1o-megaton equivalent bomb. If the fission products were air- 
borne for one day and then distributed uniformly over such an area 
the initial dosage rate would be 67 réntgens per day and the total 
dosage received by anyone remaining in such an area would be 
800 r—nearly twice the lethal dosage. 
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The dose of harmful radiation 
received by the world population 


from test explosions 


radiation in nature. Some of it comes from cosmic radiation, 

some from minute amounts of radioactive materials in rocks 
and some from a weakly radioactive form of potassium which occurs 
in nature and is always present in the human body. From all these 
causes the dose received by a human body at sea level amounts on 
the average to something over 0-1 réntgen per annum. Libby [12] 
estimates, for example, the dose from typical sedimentary rock to 
average an annual dose of 0-08 r, the cosmic radiation at sea level, 
0-035 r, and the natural radiation from internal bodily sources, 0°027 r. 

The harmful radiation received from bomb explosions may be 
divided into two types. In the first place there is the external dose 
received from fission products or other radioactive products of the 
explosion, either in the atmosphere or on the ground after they have 
fallen out. The radiation is mainly gamma radiation and the mag- 
nitude of the mean dose received from it can be estimated without 
too large an uncertainty. 

On the other hand, however, some of the fission products may 
become ingested into the body either by inhalation from the air or in 
food supplies. It is a much more difficult problem to estimate the dose 
from such sources. 


TT" HUMAN RACE is exposed to a certain intensity of ionizing 


(a) The dose of external radiation. Several attempts have been made 
to estimate the mean global external dose from a fission-fusion-fission 
bomb of to megatons T.N.T. equivalent explosive power. This estima- 
tion is difficult because of the number of uncertain factors on which 
it depends. For example the total dose received depends on the length 
of time the radioactive particles spend in the upper atmosphere 
before deposition. This in turn depends on the way in which the 
bomb was exploded. Thus, in the great explosion at Bikini the fireball 
touched the ground so that much of the fission product radioactivity 
was associated with dust particles. As a result a great deal 
of it was deposited locally (i.e. in the area of, say, 100 000 square 
miles in the neighbourhood of the explosion), and much of the activity 
contributing to the world-wide “‘fall-out’’ was deposited within a few 
months of the explosion. 

On the other hand several recent thermonuclear explosions have 
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taken place at such an altitude that very little, if any, of the fireball 
could have touched the ground. In such a case the local fall-out 
would be much less important and the total quantity of fission pro- 
ducts remaining in the atmosphere and eventually deposited throughout 
the world would be correspondingly greater. 

The world-wide fall-out from a thermonuclear explosion may 
persist for a number of years. The Report [1] issued by the Medical 
Research Council of Great Britain states that the fine dust in the 
stratosphere after such an explosion is deposited at the rate of 10-20 
per cent per year. 

Then, after the fall-out has occurred, there are many uncer- 
taintics about the magnitude of the radiation dose it will deliver to 
human populations. For example, if the radioactive material remained 
exposed on the surface of the ground indefinitely it would be possible 
to make a reliable estimate of the total dose delivered after deposition, 
knowing the lifetime of the material concerned. This dose will cer- 
tainly not be realised, however, because much of the material will 
be washed away by rain into the soil but will probably stay within a 
few inches of the top. These few inches of soil can absorb the beta 
radiation given off, but not the gamma radiation. 

Again, even if one could calculate exactly the dose received by a 
human being in the open air, the actual dose might be reduced con- 
siderably when account is taken of the time spent indoors. In European 
countries where the population spends a large fraction of its time 
inside substantial brick or stone houses, the walls of these provide 
protection from externai radiation. In tropical and many eastern 
countries the walls of dwelling places are much thinner and may 
provide very little protection. As against this, however, the stone 
walls of houses are themselves a source of natural radioactivity, so 
that the dosage received by people living under these conditions may 
be considerably in excess of the mean of 0-1 réntgen per head per 
annum received throughout the world from natural causes. 

An estimate of the radiation dose to which the population of the 
world will be subjected as a result of thermonuclear test explosions 
is now possible as a result of figures published in the British Medical 
Research Council Report (1956) [1] dealing with the measured fall-out of 
radioactive material over Great Britain. The total external dose received 
in the open air in Britain over the next fifty years as a result of the 
thermonuclear weapons exploded before December 1955 is estimated 
to be 0-03 réntgen. It appears that almost all this was contributed 
by the Bikini explosion since that was much the largest explosion 
carried out before December 1955, so that it is reasonable to take 
0-03 r as the total open-air dose over a 50-year period due to a Io0- 
megaton fission-fusion-fission bomb. 
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This estimate does not make any allowance for the two factors 
mentioned above which are likely to limit the total dose. To allow 
for the effect of ‘‘weathering’—the washing away of the fission 
products, their soaking into the ground etc.—the Medical Research 
Council Report suggested that the actual exposure should be reduced 
by a factor of 3. To allow for the considerable fraction of time spent 
indoors in Great Britain this Report suggests that the exposure 
should be reduced by a further factor of 7, but for the reasons given 
earlier a factor of 3 would appear to be a more realistic allowance 
for the world population as a whole. 

It seems reasonable, then, to take for the average exposure over a 
50-year period per head of the world population, as a result of the 
explosion of a 1o-megaton fission-fusion-fission bomb, a figure of 
0°003 rontgen. 

Many geneticists consider that a doubling of the mean natural 
radiation dose would have very serious consequences. The figures 
given above would indicate that a rate of testing of about thirty 
10-megaton fission-fusion-fission bombs per annum would lead to 
such a doubling of the natural radiation dose per head throughout 
the world. (This would not necessarily lead to the doubling of the 
mutation rate. The effect on the mutation rate depends on the estimate 
of the proportion of mutations in human beings that are due to radi- 
ation. See section on Long-Term Genetic Effects, especially pp. 21-22.) 

(b) The dose from internally ingested radioactive by-products. Of those 
radioactive by-products which enter the body we consider first the 
case of radioactive carbon (carbon-14). This is not a fission product 
but is produced at the time of the bomb explosion by the action of 
neutrons from the bomb on the nitrogen of the air. About 300 000 curies 
of carbon-14 are produced in each 10-megaton explosion. When it 
has become uniformly distributed throughout the atmosphere 
Cockcroft [6] has estimated that such an amount of carbon-14 would 
increase that naturally present in the atmosphere by o-1 per cent, 
i.e. it would take about 1 000 such bombs to double the natural 
concentration. Since this natural concentration of carbon-14 repre- 
sents only about 1 per cent of the total natural radiation dose to the 
human body anyway, he concludes, probably correctly, that the 
danger from this source is not great. 

Of much greater importance is the production of strontium-go 
which emits only beta particles and thus contributes little to the 
external dose, but may be a great hazard internally because of the 
similarity of its metabolism to that of calcium, with the consequence 
that it will be deposited in the bones. 

Measurements of the fall-out of radioactive strontium and _ its 
absorption into animals have been made recently in Great Britain 
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and are reported in the Medical Research Council Report referred 
to already. Quite appreciable quantitics have been detected on grass 
and other vegetation. The concentration in milk and in the bones of 
sheep has also been measured. It is usual to express the strontium-go 
radiation intensity per gram of calcium. The representative figure for 
strontium-go activity in Britain in the autumn of 1955 was (per gram 
of calcium) 34 micro-micro-curies (uuc) in vegetation, 14 yc in sheep 
bone,* 4.5 wc in milk and about 1 pyc in human bone. A sharp 
increase in the rate of fall-out of strontium-go has been noticed since 
1954 so that these activities are most probably associated with the 
Bikini test explosion. The International Commission on Radiological 
Protection has fixed a maximum permissible level of strontium-90 
in the human skeleton as 1 000 wuc per gram of calcium. However 
it is pointed out in the M.R.C. Report that this level has been fixed for 
“‘a group of adults educated in relation to the risks, under medical supervision 
and working under carefully controlled conditions” and that ‘‘it would be 
unwise to fix the maximum allowable concentration of radioactive strontium in 
the bones of the general population, with ity proportion of young children, at 
more than one-tenth of the level agreed for occupationally exposed persons. That 
is, the maximum allowable concentration should not be more than 100 wuc of 
strontium-go per gram of calcium” and “‘if the concentration in human bones 
showed signs of rising greatly beyond one-hundredth of that corresponding to 
the maximum permissible occupational level” [i.e. above 10 wuc per gram] 

“it would indicate the need for immediate consideration of the problem’’. 

The concentration of strontium-go has already reached one uuc per 
gram of calcium in human bone. 

The contamination of vegetation and of milk appears to be 
determined mainly by the rate of deposition and is not cumulative. 
In the case of bone contamination also it appears that part of the 
build-up is determined by deposition rate, but it is to be expected 
that bone contamination will also be partly cumulative, the level of 
radioactivity continuing to build up for many years. Once strontium is 
deposited in bone it will be retained for its “‘biologically effective half- 
life’, estimated by the International Commission on Radiological 
Protection as 2 700 days (i.e. about 7.5 years, or about one-third of the 
actual half-life of the radioactive isotope). It appears therefore that the 
strontium-90 content of human bones arising from ingestion, for 
explosions taking place before 1955, will eventually rise to about 5 uc 
per gram of calcium: and that a rate of testing of three 10-megaton 
fission-fusion-fission bombs per annum over an extended 
period would lead to a concentration of strontium-go in human 
bone equal to the maximum permissible value of 100 uwuc per 
gram of calcium. 


* In sheep bones values of activity up to 140 wuc per gram of calcium have been recorded 
in a few mountain pasture areas. 
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Short-term biological effects 
of the radiation 


was operating some 80 miles east of Bikini when a test bomb 

was exploded. A few hours after the explosion white powder 
began to fall on the boat, and continued to fall for some hours. Within 
a few days members of the crew were suffering from severe burns on 
those parts of the skin which had come into contact with the dust, 
and when they reached port most of them were suffering from severe 
radiation sickness, of which one of them subsequently died. 

The nature of radiation sickness depends on the parts of the 
body exposed, and on the kinds of ionizing radiations present. However, 
ionizing radiations damage principally those tissues in which the cells 
are dividing particularly rapidly; it is for this reason that X-rays are 
used to treat cancerous growths, in which the cells divide more rapidly 
than in the rest of the body. In man, the most rapidly dividing tissues 
are the skin, the lining of the alimentary canal (mouth, gullet, 
stomach, intestine), the blood-forming organs and the gonads. Symp- 
toms therefore include skin burns, the sloughing off of the lining of 
the intestine, a drop in the number of cells in the blood, and tem- 
porary sterility. Experience of those who survived the blast and heat- 
flash at Hiroshima and Nagasaki shows that death often results from 
the invasion of the body by bacteria from the intestine or through 
burns in the skin, coupled with lowered defences against bacteria 
because of the small number of white blood cells. 

Special dangers exist for the children of pregnant women 
exposed to radiation. This is because the cells of a foetus—in different 
organ systems at different times—are dividing particularly rapidly. 
Among thirty pregnant women who survived at Nagasaki, but who 
were close enough to the explosion to suffer from radiation sickness, 
there were seven abortions or still-births, seven of the children died 
as infants; and of the sixteen children who survived at five years old, 
four were mentally retarded. 

One other, more delayed, effect of radiation is in the causation 
of cataracts and cancers, including leukemia (incurable cancer of the 
blood-forming organs), which may take many years to develop. In 
1954, seventy-five cases of leukemia had been reported among the 
survivors at Nagasaki and Hiroshima; for those close to the centre 
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Yd 1 Marcu 1954 the Japanese fishing boat, the Fukuryu Maru, 


of the explosion, the incidence was 7 per thousand, compared with 
o-1 per thousand in the unexposed population. More cases, par- 
ticularly of other cancers which take longer to develop, will probably 
be reported in the future. 

In addition to the risks of exposure to radioactive dust ina fall-out 
area, there is the danger that human beings thousands of miles from a 
test explosion may swallow radioactive substances in food or drink, 
and that radioactive elements may be incorporated into the body, as 
discussed already. After the test explosion at Bikini, fish caught over a 
wide area in the Pacific, up to 1 500 miles from the test, were found 
to be heavily contaminated. On several occasions during the spring 
of 1954, high levels of radioactivity were recorded in rain falling in 
Japan. Later it was found, in various parts of Japan, that vegetables 
and milk were also contaminated. 

Some radioactive elements decay quickly, losing their activity. 
Otlicrs continue to emit ionizing radiations for many months, or even 
ycars. The most dangerous of these long-lived radio isotopes appears 
to be strontium-go, the concentration of which in the fall-out is, as 
pointed out earlier, increasing at a disturbing rate. 

In the body, as already mentioned, strontium has a metabolism 
similar to calcium, and is therefore likely to be deposited in the bones. 
In such cases its effects, in causing either radiation sickness or bone 
cancer, may not become apparent for many years. Death from 
radiation sickness in Hiroshima and Nagasaki continued to occur up 
to nine ycars after the atom bomb explosions. 

In many ways the ingestion of radioactive strontium in the body 
would be expected to have a similar effect to that of radium, which 
also becomes deposited in the bones. Knowledge of these effects is 
available from the clinical investigation of patients to whom radium 
salts were administered for treatment some twenty-five to thirty years 
ago. The effects are long delayed, but give rise after a period which 
may be twenty years or more to osteogenic sarcoma. Blood changes 
are also produced as a result of effects on the bone marrow. 

A striking feature is the extraordinarily small amounts of material 
that may have serious consequences. The M.R.C. Report tells of a 
case of a destructive lesion being produced in the dentine of the 
teeth in a person who had received a total dose of only 0°15 microcurie 
of a mixture of radium and mesothorium. It is considered in this 
Report that the ingestion of 1 microcurie of strontium-go causes the 
same risk as that of 0:1 microcurie of radium, and it is on this basis 
that the figures for maximum permissible dose quoted on page 17 
are based. 

In assessing the effects of very small amounts of ingestion of 
strontium-go it is important to know whether the probability of 
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producing a tumour is proportional to the dose or whether it increases 
more rapidly than this with the size of the dose. Previously it had been 
believed that this probability went up approximately as the square of 
the dose. In this case a very small dose spread over a large population 
would be far less important than a large dose over a proportionately 
smaller population. On this question therefore the M.R.C. Report is 
disturbing. It states: ‘‘On the whole the experiments seem in favour of a 
proportionality between the frequency of tumours produced in a given length of 
time and the amount of radioactive material in the body even at low dose levels.” 
The implication of this conclusion with regard to the amount of 
suffering that will follow even the tests so far carried out is quite 
alarming. 

So far we have described only the dangers to individuals who 
have themselves been exposed to fairly high levels of radiation, 
including those individuals who were exposed while still in their 
mothers’ wombs. In the case of test explosions, a danger which may 
be more serious, but which is less well understood, concerns indi- 
viduals not yet conceived, through damage to the germ cells of people 
exposed even to the lowest levels of ionizing radiation. 


Long-term genetic effects 


or testes which are destined to give rise to eggs or spermatazoa 

and so contribute to the next generation. Such danger occurs at 
levels of irradiation too low to kill the cells, but sufficient to cause 
changes, called ‘‘mutations”, in the hereditary properties of the 
chromosomes (defined as “‘stainable threads visible in the cell nuclei’’). 
Most such mutations are “recessive” in their genetic effects: they do 
not manifest themselves until an individual is conceived who has 
received a similar kind of damaged chromosome from both parents. 
Examples of conditions in man known to be due to such recessive 
mutations are certain types of blindness and deaf-mutism, haemophilia 
and several kinds of congenital mental defect, including juvenile 
amaurotic idiocy and phenylketonuna.* Recessives with less serious 
effects include albinism and colour-blindness. There must be many 
harmful mutations whose effects have not yet been recognised, because 
they produce defects which can also be caused in other ways. 


[ IS KNOWN that radiation can damage those cells in the ovaries 





* phenylketonuria=a form of mental defect, at present incurable, in which affected 
persons secrete phenylpyruvic acid in their urine. 
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Now such mutations, and therefore deaths from such hereditary 
defects (or “‘genetic deaths”’}), occurred long before men built 
atomic piles. It is known that mutations can be caused by ionizing 
radiation, and hence that some of the naturally occurring mutations 
in man are due to the radiations resulting from cosmic rays, radio- 
active rocks and naturally occurring radioactive materials in the 
human body. It is also agreed that there is no lower level of radia- 
tion below which mutations are not produced. The number of 
mutations produced is approximately proportional to the level of 
radiation. 

This implics that the total mutation rate due to radiation is 
proportional to the product of the size of the total population and 
the average dose received. So that if, for example, a population in a 
city of 1 million people receives an average dose of 10 réntgens per 
head as a result of local fall-out, the total number of genetic deaths 
would be the same as for a population of 2 thousand million people 
each receiving 0-005 r per head. If, however, the people in the 
city all intermarry the effect of the recessive mutations will become 
evident in much earlier generations than would be the case if the 
dose were spread over the larger number of people. 

As was explained earlier, one of the effects of test explosions is 
to increase the level of background radiation; it follows that such 
tests cause additional genetic mutations. The great majority of such 
mutations are harmful. The occurrence of additional harmful mutations 
will in the future lead to the death or sterilisation of an equivalent 
number of human beings. It follows that test explosions, or any other 
action which causes a rise in the level of radiation, will cause some 
additional miscarriages, still-births and births of defective children. 

Effects of increased levels of radiation have recently been expressed 
in terms of a concept referred to as the “doubling dose’’ in the 
report [4] of the American National Academy of Science Genetics 
Committee on Radiation Danger (N.A.S. Report) and in the M.R.C. 
Report. This ‘‘doubling dose” is that which would double the 
naturally occurring rate of mutation. The N.A.S. Report concludes 
that the possible range of exposure for doubling must lie in between 
5 and 150 roéntgens while the most likely estimate is in the range 
30-80 r. These figures have to be compared with the average 
total exposure to natural radiation during the reproductive period 
of about 3 r. A doubling of the natural radiation exposure, on 
the basis of these figures, would possibly increase the mutation rate 
somewhere between 2 and 60 per cent and probably between 4 and 10 





t genetic death=a genetic death can be defined as the death early in life, before or 
after birth, of an individual who, but for a genetically determined defect, could have 
survived to a greater age. 
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per cent. However, it must be emphasised that there is no special 
significance in the “doubling dose’. It is probably true that the 
mutation rate of the human species could be doubled without fertility 
being affected seriously enough to prevent the maintenance or increase 
of the number of human beings. 

However, as explained above, any increase in radiation, 
including increases well below the doubling dose, will cause 
additional deaths and congenital incapacities. There is no 
safe level below which this is not true. It is therefore more 
relevant to discuss, not an artificial concept such as the 
“doubling dose”, but the question: how many deaths are 
being caused by a given rate of explosion of nuclear weapons? 


Genetic deaths 

The short answer to this question is that no one knows. Most 
quantitative studies of the mutagenic effects of radiation have been 
carried out on the fruit-fly Drosophila. In this fly, only about one in 
every thousand naturally occurring mutations is due to radiation; 
most of the rest probably occur in consequence of faults in chromosome 
reproduction during cell division. If this proportion were true of man, 
then even to double the level of background radiation would increase 
the number of deaths due to hereditary defects by a factor of only 
one in a thousand. However, the proportion is probably much higher 
in man, who lives about a thousand times as long as a fruit-fly, and 
so is exposed to a thousand times the dose of ionizing radiations, 
whereas the number of cell divisions per generation in man is only 
about twice that in flies. Estimates of the proportion of naturally 
occurring mutations in man which are due to radiation vary from 
I to go per cent, a fact which shows the extent of our ignorance as to 
the quantitative effects of radiation in man. 

Another difficulty is that we do not know what proportion of 
mutations cause death of the fertilised egg before or soon after 
implantation in the wall of the uterus, and what proportion act later 
in pregnancy, or result in still-births or in the birth of defective 
children. The former type of mutation would cause less distress, but 
the later in life a mutation becomes manifest the greater the suffering 
caused. 

For these and other reasons, no reasonably accurate figure can 
at present be given for the number of deaths which will result from 
any given rise in the level of radiation. It is possible, however, to try 
to calculate upper and lower bounds to the effect. For example, 
J. B. S. Haldane [8] has estimated that an increase of the exposure 
of the population of the world of 0.01 réntgen per head, will cause 
in the future at least 2 o00 but probably not more than 300 ooo deaths. 
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These deaths will not all occur in the next few generations, since 
generally mutations will not become manifest until the two similar 
chromosomes come together in a single individual. Consequently the 
deaths for which we are responsible today will be spread over many 
thousands of years. It has therefore been argued that test explosions 
will not have a serious effect on human fertility. There is a sense 
in which this is truc, but it 1s important to understand just what is 
meant by the statement. It is probably true that if one child in every 
hundred, or even in every ten, died at birth, this would not prevent 
the human specics from reproducing and indeed increasing its num- 
bers. The proportion of people who will in future be born disabled 
in consequence of test explosions so far carried out is certainly much 
lower than one in a hundred, so that it can well be argucd that such 
tests will not alter the capacity of the human race to reproduce itself. 
They have, however, already been responsible for a rather for- 
midable total of human suffcring in the future, and future generations 
will reap the harvest in the form of an increased number of still-births, 
mental defectives, and children born with distressing incapacities. 
Further tests can only increase the burden we are obliging posterity 
to bear. 


General health standards and non-lethal mutations 

The estimates above refer only to mutations that produce lethal 
effects either in the unborn child or before the end of the period of 
procreation in the adult. It is likely however that the more numerous 
type of mutation will reduce “‘fitness’’ or increase predisposition 
toward injury, disease etc. rather than prove fatal. Since such 
mutations will not be self-eliminating, because in the modern com- 
munity health and welfare measures tend to preserve them, they 
will tend to spread into the population to a much greater extent. 
Thus at some time in the future considerable numbers of deleterious, 
but not lethal, mutations can be expected to produce a general 
lowering of the well-being of many human beings reflected, for 
example, in increased predisposition to diabetes, chronic leukemia 
and other diseases. Thus the question of long-range genetic effects is 
not merely a question of how many genetic tragedies will be harvested 
by future generations, but also how much of the genetic balance 
carefully produced by evolution will be squandered as a result of 
increases of the background radiation. 

It has indeed been argued that already improvements in the 
medical services have had a greater effect in increasing the frequency 
of harmful recessive genes in the population than have test explosions, 
so that the effects of the latter can be regarded as relatively unim- 
portant. In modern conditions many people are capable of surviving 
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and of having a family who would in the past have been genetically 
incapacitated, and who therefore transmit to future generations genes 
which would otherwise have been eliminated. This is a very curious 
argument, which invokes the existence of one source of harmful 
effects in order to condone action that can only result in a marked 
increase in much worse effects. It ignores the overwhelming beneficial 
aspects of the health services and the nature of the defects whose 
incidence may be expected to increase as a result of their development. 
People, for example, with bad eyesight are now able to live happy 
and useful lives who in the past might have been unable to do so. 
This is surely a gain, both for the individuals concerned and for the 
society which they serve, and an increase in the frequency of bad 
eyesight in the population in the future is a small price to pay for 
such a gain. 

In so far as advances in medical knowledge make it 
possible for individuals carrying particular genes to live, work 
and reproduce, the genes in question cease to be seriously 
deleterious. It is altogether another matter to cause by test 
explosions or in other ways a number of new mutations, 
many of them causing diseases which are at present incurable, 
with no compensating advantages to humanity. 


Genetic importance of increased mutation rate 

It is clear from what has already been stated that a large 
measure of uncertainty exists both in relation to the total dose so far 
received by the human population and to the increase of the 
mutation rate to which a given dose would give rise. There are also 
differences of opinion, however, concerning the genetic importance of 
any given increase in the mutation rate. These are clearly apparent 
from a reading of the M.R.C. Report. 

The committee that prepared this Report has performed a 
valuable service in drawing attention to a number of sources of 
exposure to radiation, in particular the diagnostic uses of X-rays, and 
rightly concludes that ‘‘the time has come for a review of the present 
practice in diagnostic radiology’. Its account of the genetic hazards is in 
principle similar to that outlined above, in that it recognises that, 
from the point of view of population genetics, all extra radiation is 
undesirable. However, it concludes that ‘‘the genetic effects to be expected 
from present or future radtoactive fall-out from bombs fired at the present rate 
and in the present proportions of the different kinds are insignificant’’. 

Many eminent geneticists would question this conclusion. Dis- 
cussing the diagnostic uses of X-rays, the Report states that “‘the small 
genetic risk to the community must be weighed against the possible great 
advantage to the particular patient”. This is true and important. It is 
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equally true that the genetic risks of test explosions must likewise be 
weighed against their supposed advantages. ‘There is, in fact, nothing 
in the Report which would cnable a better estimate to be made 
than that due to Haldane, quoted above, that between 2 000 and 
300 000 additional deaths may result from the exposure of the popula- 
tion of the world to an additional o-o1 réntgen per head, which would 
result from the explosion of only about three 10-megaton fission- 
fusion-fission bombs. These deaths may be “insignificant” in the 
sense that it would be difficult for a statistician to demonstrate an 
increase in the rate of congenital defects; they will not be insignificant 
for the parents of the affected children. 

Genetic effects are not easily understood. Therefore it is par- 
ticularly important that governments should be honest in their state- 
ments about them. Any government which opposes a general cessation 
of such tests would, if it were honest, say something like this: 

“The test explosions which we intend to carry out will be responsible in 

the future for a number of miscarriages and still births, and for the birth of a 

number of mentally or physically defective children in all parts of the world. We 

do not know, to a factor of 100, how many such cases there will be, although 
we have good reasons for believing that the number will not be so great as 
seriously to affect the capacity of the human species to reproduce aie Never- 
theless we belreve the tests to be necessary for the following reasons. 
If such statements were made, then the electors of such ouenimeal 
would have some means of judging whether the advantages claimed 
for test explosions are sufficient to justify us in causing future suffering 
on a scale we cannot at present calculate. 


fed 
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Other effects 


of test explosions 


chemical and meteorological, have been suggested at various 

times. For example, in a communication [13] to the Paris 
Academy of Sciences, M. Charles Noel Martin estimated that a bomb 
producing an explosion equivalent to 20 megatons of T.N.T. would 
form 500 000 tons of nitrous oxide gas leading to a harmful increase 
in the acidity of rainwater. This estimate has been criticised by Sir 
John Cockcroft [6] on the ground that it is too large by a factor of 
ten and that actually the amount of nitrous oxide produced by 
thunderstorms over the surface of the earth each day is about equal 
to that produced by one hydrogen bomb (presumably of the size 
exploded at Bikini) and so the effect caused could hardly be im- 
portant so long as the number of tests is restricted to a few each year. 

Similarly it has been widely conjectured that hydrogen bomb 
explosions may have affected the weather. But the well-known British 
meteorologist, Professor P. A. Sheppard [18], has pointed out that the 
energy released by a 10-megaton bomb is about 1o?® calories, the 
energy released in a thunderstorm covering an area of 10 sq.km. 
might be about 1015 calories and the energy released in precipitation 
from a warm front rain-belt is 10!® calories. It should be noted, 
however, that while the release from the bomb is instantaneous that 
in a thunderstorm may be spread over half an hour, while that 
in precipitation from a warm front may be spread over several hours. 
The possibility of a “‘trigger effect’? being produced by the bomb, 
upsetting some delicate balance in the atmosphere, is also discounted 
by meteorologists on the ground that although the atmosphere is 
often unstable, many other natural “triggers”? are available anyway 
without needing an H-bomb explosion. 

Some writers have also suggested that the vast amount of dust 
projected into the stratosphere by an H-bomb explosion in which the 
fireball touches the ground may cause a general lowering of tem- 
perature owing to absorption of solar radiation and thus have a 
profound long-range effect on the weather. According to Cockcroft [6] 
about 3o million tons of matter were projected into the atmosphere by 
the Bikini explosion. Estimates of the amount of dust thrown into the 
atmosphere by the explosion of the volcano Krakatoa in 1883 vary 
from 100 million tons to 10 000 million tons. A diminution of 10 per 
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Ven OTHER possible deleterious effects of test explosions, 


cent in the intensity of sunlight on the carth’s surface was produced 
but no definite effect on the weather. It is therefore argued by most 
metcorologists that the effect of tests on the weather resulting from 
this causc must also be negligible. 

It must be admitted that since a great deal must depend in this 
case on the size of the dust particles, which is again dependent on 
the conditions of the particular explosion, it secms rather unwise to 
draw gencral conclusions from the cffect of the Krakatoa explosion. 
The whole cffect should be the subject of further investigation. 

We do not deal at length with these possibilities here since we 
have tried to limit the discussion to effects, such as those of the ionizing 
radiations, that are based on more solid evidence. 


Can nuclear weapons tests 
be detected and controlled? 


radiation dose as a result of nuclear tests has caused grave 

misgiving among many people in all parts of the world. It is 
clear from what has already been said that the full effect of this 
increase, measured in human misery, that is being inflicted on our 
progeny by the conscious actions of our own generation, cannot be 
predicted with any degree of certainty. There has been considerable 
discussion of the possibility of concluding an interim agreement for 
the cessation of nuclear weapons tests pending agreement on wider 
measures of disarmament and the abolition of nuclear weapons 
altogether. 

The suggestion of secking agreement to abandon further tests 
raises immediately the question of whether such an agreement could 
be adequately controlled. The effective control of nuclear tests 
presents far fewer difficulties than that of a general agreement on 
disarmament because methods have been worked out in several 
countries for the detection of nuclear explosions at great distances. 
Immediate seismic effects may be used to detect the larger explosions. 
But undoubtedly the most effective method of detecting nuclear 
explosions involves sampling of the upper atmosphere and the deter- 
mination of the decay scheme of the radioactivity of samples so 
obtained. Samples of rain or snow may also be used for this purpose. 
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TT" POSSIBILITY of an appreciable increase of the global mcan 


The decay scheme produced by fission products after a nuclear 
explosion is quite characteristic and unlike that obtained for natural 
radioactivity. It may involve a delay of some days after the explosion 
before it can be said with certainty that an explosion has taken place, 
but it is so sensitive a method of determination that even quite small 
fission bombs can be detected in this way. 

No inspection teams are needed inside any particular country 
in order to reveal test explosions. If each country set up its own 
detecting machinery, the occurrence of a test explosion in any country 
in the world would very soon become known everywhere. 

In discussing test prohibition it has sometimes been suggested 
that tests of larger hydrogen bombs might be prohibited because 
they could be detected easily, but tests of ordinary fission weapons 
should continue. There is no technical justification for drawing such a 
distinction between different types of nuclear weapons. Indeed such a 
distinction would introduce unnecessary difficulties in any control 
plan since if a certain size of explosion were proclaimed as the maxi- 
mum permissible size that could be tested, it would be difficult, using 
detection methods described here, to prove that any given explosion 
was in fact smaller than this. 

It will be recalled, as evidence of the effectiveness of detection 
devices for fission weapons, that the first explosion of such a weapon 
in the U.S.S.R. was detected in the U.S.A. and was the subject of an 
announcement by Mr. Truman before any official announcement was 
made by the Soviet Government. 

Under very special circumstances it might be possible to conceal 
the explosion of a small fission bomb, as for instance if it were 
exploded under the ground so that the escape of fission products 
into the atmosphere were prevented. But such circumstances are 
likely to be very rare and there appears no technical reason why all 
nuclear tests could not be prohibited and this prohibition effectively 
controlled by detection teams of different nationalities, operating in 
their own countries. 

We conclude, therefore, that tests of nuclear weapons 
could be detected and controlled without any of the difficulties 
associated with the stationing of international inspection 
teams on the territory of any nation, but this great advantage 
would only be true for a scheme that prohibited tests of all 
weapons, both atomic and thermonuclear. 
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The effect of the 


prohibition of nuclear tests 


E HAVE bcen led to the desirability of prohibition of nuclear 

VW tests because it would prevent the indefinite increase of the 

global radiation dose, the effects of which are known to be 
deleterious, but cannot be estimated at all accurately. 

The prohibition of nuclear tests would have other very important 
consequences however. It would “freeze” the development of nuclear 
weapons at the present level. Many will think that these weapons 
are already sufficiently terrible. Yet one problem which probably has 
not yet been solved but whose solution cannot be long delayed con- 
cerns the fitting of a warhead containing a fission-fusion-fission bomb 
to an inter-continental rocket. So long as these weapons have to be 
delivered by manned aircraft the possibility of the interception of a 
large proportion of them remains. But the development of such 
weapons suitable for placing in inter-continental rockets would put 
the defence at a much greater disadvantage and greatly increase the 
premium on aggression using such weapons. A prohibition of further 
tests could hinder such a development. 

Opposition to the prohibition of tests is also coming from 
governments which aspire to possess hydrogen weapons but have not 
yet developed them. Their attitude might change after they have 
successfully developed their own weapons. Clearly, however, if any 
agreement has to be postponed until all governments that desire to 
do so have developed hydrogen bombs irreparable damage may 
already have been done by the time the prohibition is agreed and in 
particular the inter-continental rocket missile with hydrogen-bomb 
warhead may have already been developed. 

Furthermore, in general, the greater the number of nations that 
possess such weapons the greater is the peril of their use by some 
group of irresponsibles in the government of some country. 

No matter when a prohibition on tests came into force it would 
always appear to be to the disadvantage of some and the advantage 
of others. The only safe policy is to impose the prohibition forthwith. 


Yes 
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World-wide call for 


the cessation of tests 


following the explosion of the fission-fusion-fission bomb at 

Bikini there has been a widespread demand for the ending of 
the tests. Some governments may oppose this demand but there is 
no doubt that it evokes a real response in the hearts of the people 
of all countries. 

Naturally enough some of the very first calls for an ending of 
further tests came from statesmen of various Asiatic countries. Speaking 
at New Delhi on 29 March 1954 Pandit Nehru expressed the hope 
that those in possession of terrible weapons of destruction would pay 
some heed to suggestions made “‘not among the ignorant, but among wise 
and thinking people’ in Britain, Japan, Australia and many other 
countries that further test explosions of the hydrogen bomb should 
be stopped. He went on: 

‘*Man is unleashing forces which are completely beyond his control. It almost 
looks like the creation of a Frankenstein, the explosion of a hydrogen bomb 
which affected the waters of the oceans and the animals living in them, while 
no one knew whether it was safe to eat fish at all. It is a problem of vital concern 
to humanity and not merely to this power bloc or that.” 

On 2 May of the same year a conference of the premiers of South- 
East Asian countries, representing Burma, Ceylon, India, Indonesia 
and Pakistan, meeting at Kandy, passed a resolution which stated: 

‘The Prime Ministers view with grave concern developments in regard to the 
hydrogen bomb and other weapons of mass destruction. They welcome the current 
effort of the United Nations Disarmament Commission to bring about the 
elimination and prohibition of such weapons and hope that the Commission 
will be able to reach an agreed solution of this problem urgently. 

“* The Prime Ministers are of the opinion that pending such an agreement 
no further explosions of hydrogen bombs should take place and that the United 
Nations and the powers principally concerned should take steps to publish 
authoritative information regarding the destructive capacities and the known 
and probable disastrous effect of these weapons. They believe that such pub- 
lication, by rousing the conscience of the world, would help in the search for an 
agreed solution of the grave problem that threatens humanity.” 

It was only natural that the greatest reaction of all should come 
from Japan. The country that had experienced the first use of the 
fission bomb in warfare now found that its nationals were the first 
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Fa SINCE the world was made aware of the grave effects 


to be injured and killed by the new super hydrogen bomb and the 
oceans on which it depended a great deal to feed its people were 
being poisoned by radioactive fall-out from the test bomb explosions. 
A mighty wave of anger and revulsion sprang up among the Japanese 
people. More than 32 million of them, one-third of the whole popula- 
tion, put their signatures to a petition calling for atomic weapons to 
be outlawed. 


Even in those countries which had not had direct experience of 
atom bombs, the reaction against the tests was sharp. Repeated calls 
were made by Membcrs of Parliament in Britain calling on the 
Prime Minister to get further tests banned. Eminent British scientists 
warned about the dangers facing humanity if the mad rush to develop 
ever more destructive weapons were to continue. Typical was the 
warning uttered by Dr. E. D. Adrian, President of the Royal Society, 
who stated in addressing the British Association meeting in Oxford 
in September 1954: 

“Although the strategists have to think mainly of immense explosions and 
great devastation, it would be a mistake to suppose that these are the only 
dangers. Even if we can survive them we must face the possibility that repeated 


atomic explosions will lead to a degree of general radioactivity which no one 
can tolerate or escape.” 


In the Soviet Union and China a mass campaign developed 
among the people calling for the immediate outlawry by inter- 
national agrcement of weapons of mass destruction and in these 
and other countries hundreds of millions of people signed petitions 
having this aim in view. An appeal issued by the Fifth All-Union 
Peace Congress of the U.S.S.R. in May 1955, which stated that 
“the Soviet people consider that one of the first steps towards the prohibition 
of atomic weapons will be the cessation of test explosions of atomic and thermo- 
nuclear weapons’, was supported by scientists throughout the Soviet 
Union, and many of the highest eminence, including Academician 
A. N. Nesmeyanov, were among the first signatories. 


In the United States of America grave misgivings have been 
expressed. The Federation of American Scientists on 6 March 1955 
called for the establishment of a United Nations Commission “‘to study 
and assess the potential dangers in atomic and thermonuclear bomb tests’, and 
many eminent American scientists warned against the dangers of the 
intensification of the nuclear arms race. 


The World Federation of Scientific Workers has throughout this 
period adopted a consistent policy on the question of the development 
of nuclear weapons in general and the testing of them in particular. 
It has urged throughout that the use of nuclear weapons should be 
prohibited, their production and testing discontinued and the existing 
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stockpiles dismantled. For example, the viewpoint of the Federation 
is expressed in numerous resolutions adopted in the past few years, 
and comparatively recently in a statement issued on behalf of the 
Federation by its President, Professor F. Joliot-Curie, and the Chairman 
of its Executive Council, Professor C. F. Powell. The text of these 
documents is given on pp. 37-40. 

The World Federation of Scientific Workers believes it to be 
necessary to consider these matters in an open conference of leading 
scientists of all nationalities and political outlooks. Such a conference 
could assess all the data provided by the United Nations Committee 
on Ionizing Radiation and other bodies, but as the vast majority of 
scientists attending would have no special responsibility to any govern- 
ment a clear and objective assessment of the available knowledge of 
the effects of nuclear weapons and the dangers inherent in their testing 
could be made. For a considerable time now the World Federation 
of Scientific Workers has regarded the assembly of such a conference 
as one of the most important objectives to which it could give its 
support. 


In spite of the widespread demand for the suspension of 
nuclear weapons tests until at least such time as a more 
authoritative assessment of their short-term and long-term 
effects can be made, the tests continue. 


ley 
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Nuclear test prohibition 
and the wider question of the 
abolition of nuclear weapons 


and general disarmament 





of an immediate prohibition of further nuclear tests. Agreement 

on such a prohibition could be controlled without running into 
difficulties associated with international inspection teams on national 
territory, would freeze the development of nuclear weapons at their 
present level and would end the radioactive poisoning of the atmo- 
sphere. 

But the prohibition of tests is not an end in itself. So long as the 
production of nuclear weapons continues, so long as the armies of 
different nations are prepared to use these weapons in war, Just so 
long will humanity stand in danger of unthinkable catastrophe. The 
continuance of the tests is fraught with grave and not strictly pre- 
dictable consequences, but the use of weapons already developed and 
in the stockpiles of nations would produce consequences that can be 
only too well foreseen. 

Above all then the effect of test prohibition must be judged by 
the extent to which it can contribute to agreement on disarmament 
in general and to the abolition of nuclear weapons in particular. 
There is no doubt that in so far as the present failure to reach 
agreement arises from mutual distrust between the Western Powers 
and the Soviet Union and its allies, any limited agreement—such as 
on the abandonment of tests, or on an undertaking not to be the first 
to use nuclear weapons, or on a freezing of budgetary expenditure on 
armaments—would help to create confidence, diminish tension and 
make negotiation on the larger issues easier. But it must never be 
forgotten that such limited agreements constitute only the first step. 
They will be of little avail in the long run unless they are followed 
by agreement to abolish nuclear weapons and devote all nuclear 
resources, whether material resources or resources of scientific man- 
power, solely to the task of increasing the wealth and happiness of 
mankind. 


T THE PRECEDING pages we have presented the points in favour 
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Prospects for the abolition 
of nuclear weapons and 


general disarmament 


HEN WE LOOK at the present position regarding the negotia- 
\ V tions on disarmament and the abolition of nuclear weapons 
that have been taking place in the appropriate United 
Nations Committees the whole outlook seems most disquieting. At one 
time in the summer of 1955 it looked as though agreement on these 
great issues was near. After years of fruitless and often bitter discussion 
it looked as though both East and West were ready to accept and 
suggest compromise proposals. The Anglo-French plan of June 1954 
and the Soviet plan of May 1955 which seemed to accept most of the 
points of substance in the Anglo-French plan both pointed the way 
to carly agreement. 

Unfortunately, after the meeting of the Heads of State in Geneva 
in July 1955 difficulties arose on the question of adequate and effective 
control of any agreement. The Sovict Government called for the 
conclusion of an immediate agreement on the basis of the compromises 
already reached. But the Western Powers insisted that no agreement 
could be concluded until ways and means were available for ensuring 
that such an agreement could be adequately controlled. Both points 
of view are, of course, understandable, but the contradiction between 
them illustrates the very real difficulties which must be overcome 
before agreement on disarmament can be concluded. 

On the one hand it would be wrong to overlook the genuine 
fears which afflict large numbers of people in connection with this 
question of the complete abolition of nuclear weapons. So long as 
it is impossible to be absolutely certain that the different countries 
have disclosed the true extent of their stockpiles it is bound to be 
difficult to get agreement on the complete dismantling of nuclear 
weapons. If country A is completely honest in this matter while 
country B conceals a certain fraction of its nuclear weapons then B 
may one day use this concealed stock for a sudden attack on Ain 
the Pearl Harbour style, relying on the absence of any comparable 
retaliatory power of A. Such an attack could be decisive. 

It is understandable, therefore, that in these circumstances 
effective guarantees are sought for the implementation of any agree- 
ment on the dismantling of nuclear weapons. On the other hand, to 
insist on an absolutely 100 per cent sure scheme of control as a 
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prerequisite to disarmament is cquivalent to asking for the unattain- 
able and ensuring that no disarmament actually takes place. 


Let us examine more closely, then, the real position with respect 
to the possibility, as it appears today, of working out an cficctive 
system of control. The position has changed since 1946 when the 
Kramers Commission presented their unanimous report affirming the 
technical possibility of effective control. The hydrogen bomb has 
been developed; nuclear weapons are no longer the monopoly of one 
country, and today both the U.S.A. and the U.S.S.R. must possess 
somewhat comparable quantities of them; and today any control 
scheme must embrace the control of stockpiles as well as of production 
facilities. 


The problem of the control of production facilitics has not really 
been changed in principle by the development of the hydrogen bomb: it 
has been made more difficult. But large plants are necded for the 
production of the materials used in the hydrogen bomb and these 
would be difficult to conceal. As applied to production facilities, 
therefore, there is no necd to modify the conclusion reached by the 
Kramers Commission. 


The new factor that must be considered, however, is the building 
up of stockpiles of nuclear weapons in several countries. The ease 
with which stockpiles could be concealed makes the task of ensuring 
that each nation declares its complete stocks a very difficult one. But 
even here a great deal could be done. If an international commission 
of trained auditors, production engineers and scientists were given 
access to the records of the mining, procurement and production of 
the raw materials used in nuclear weapons manufacture they should 
be able to make a fairly good independent estimate of the present 
stocks of nuclear weapons and should thus be in a position to expose 
any attempt to conceal the true size of the stockpiles. 


Although there is no reason to suppose that it will ever 
be possible to work out a completely sure method of detecting 
all nuclear weapons, yet there seems no doubt that a very 
substantial measure of control could be achieved. For example, 
since the control of production facilities does not present the same 
difficulties as that of stockpiles, it should be quite possible to get 
agreement on the prohibition of the manufacture of any further 
nuclear weapons and to feel confident that such prohibition could 
be adequately controlled. Further, since a large (although not 
complete) measure of control of stockpiles can be achieved it should 
be possible to get agreement at least on a considerable reduction of 
the size of existing stockpiles and achieve effective control of the 
carrying out of this reduction. 
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The difficulties in the way of agreement are great but they 
are not insurmountable. Failure to reach agreement, implying 
the indefinite continuation of the present race in nuclear 
weapons production, can have only one ending if history is any 
guide. Scientists, who, by their training, are perhaps able to 
see more clearly than others the full implication of the contin- 
ued development of these weapons, must try to measure up 
to their responsibilities in these matters. 

By joining with those organisations such as the World Federation 
of Scientific Workers, and the bodies affiliated thereto in their several 
countries, in urging the abolition of nuclear weapons production and 
testing and the outlawry of their use under conditions of strict control, 
scientists can play their part in saving man from the holocaust which 
must surely descend on him if the arms race in nuclear weapons is 
allowed to continue for a long period. They can also make their 
special understanding of these matters available to the general public 
of their own countries so that the recognition of the real implications 
of nuclear weapons and their continued testing may be more 
widespread. 

For in every country when they fully realise the im plications of the 
continuation of the nuclear arms race and of large-scale nuclear 
weapons testing, the people will demand of their governments that 
they should redouble their efforts to secure agreement on a real dis- 
armament policy and the abolition of nuclear weapons. Only then will 
humanity be able to enjoy the full fruits of all the spectacular possi- 
bilities presented by the peaceful application of nuclear energy. 


la) 
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W.F.S.W. Statements on nuclear weapons 


Resolution passed by the Third General Assembly, Budapest, September 1953 


WING TO THE nature of their work scientific workers are in a unique 
() position to appraise the great dangers for humanity inherent in 
such weapons of mass destruction as the atomic bomb, the 
hydrogen bomb, chemical and radioactive poisons and biological weapons. 
They are also in a position to appraise the immense benefits available to 
mankind from the utilisation of atomic energy for peaceful purposes. ‘The 
General Assembly of the World Federation of Scientific Workers decides 
to take all necessary steps to acquaint all people with this two-fold aspect 
of the application of science. 
It is imperative to prevent new possibilities of science from being 
utilised for destruction. 
he first step towards the elimination of weapons of mass destruction 
was taken when the majority of the powers ratified the Geneva Convention 
of 17 June 1925, prohibiting the use of bacteriological weapons. The 
General Assembly of the World Federation of Scientific Workers proposes 
to governments that they should arrive, through international negotiations, 
at an agreement regarding the prohibition of weapons of mass destruction 
and on practical measures—the possibility of which has been recognised 
scientifically—which would ensure the effectiveness of prohibition. 


(W.F.S.W. Bulletin, October 1953, No. 4) 


Statement agreed at the Thirteenth Meeting of the Executive Council, Vienna, 
September 1954 


HE Executive Councit of the World Federation of Scientific 
Workers, at its thirteenth Meeting, notes that since the last General 
Assembly there has been a marked improvement in international 
scientific relations as shown in Congresses, in exchanges of scientists and 
of scientific literature. 

While the lessening of international tension has shown itself in this 
way, deep anxiety has been caused by the development of atomic and 
thermonuclear weapons. In the face of these dangers the response of 
scientists has been immediate and universal. From many sides declarations 
from individuals and organisations have been published, expressing their 
concern, and their determination to do their best to preserve the future 
of humanity. 

In this the Associations affiliated to the World Federation of Scientific 
Workers have already shown their consciousness of their responsibilities 
and we feel confident that they will increase their efforts in this direction 
in conformity with the Resolutions of the Third General Assembly of the 
Federation. 

In order that their efforts shall be more effective in preventing the 
horrors inseparable from atomic war, we feel that they will need to co- 
operate with other organisations and individuals who are also active in 
this direction. This action will be successful in the measure that public 
Opinion is better informed of the dangers of such a war, and so ensure 


37 


the effectiveness of action for the prohibition of these weapons, and at the 
same time realise the peaceful possibilities of science. 

The Executive Council has made important decisions for dealing with 
these matters, and these will be reflected in its Bulletin and other 
publications. 

The Executive Council of the World Federation of Scientific Workers 
relies on all scientists conscious of their responsibilities to strive for the 
maintenance of peace, and to secure for all mankind the fruits of science. 


Resolution adopted unanimously by the Fourth General Assembly, Berlin, 
September 1955 


a disaster beyond any in human history. The full extent of the death 

and suffering it would cause cannot yet be gauged. Many of its 
consequences are indeed at present unpredictable. From facts already 
available, however, we know that it could produce hundreds of millions 
of victims and serious genetic and other long-term effects. Even the 
experimental explosions of nuclear weapons have caused death and disease. 
These horrors have been made possible as a consequence of scientific 
discoveries and it is the first duty of scientists to do all in their power to 
prevent their occurrence. 

The Assembly accordingly welcomes the initiatives already taken by 
numerous scientific organisations and individuals in protesting against 
atomic war. We join them in urging on all governments the conclusion of 
negotiations which would make it impossible. 

The effectiveness of the action of scientists greatly depends on the 
achievement of co-operation between them. Here the success of the 
Geneva Conference on the Peaceful Uses of Atomic Energy has already 
shown what can be done. However, from the very fact that the dangers 
of the. military uses of atomic energy could not be discussed there it is 
evident that, for the purpose of preventing atomic war, Geneva is not enough. 

A further conference of comparable importance and authority is still 
urgently needed. It should examine, in the light of indisputable facts, the 
nature of atomic warfare and the ways of averting it. It would consider the 
scientific aspects of the problem of the prohibition of atomic weapons and 
the possibilities of ensuring their adequate control. The conference, apart 
from its scientific contribution, would serve the indispensable purpose of 
providing the public with reliable information of vital importance to them. 

Such a conference to be effective must be of the widest character 
embracing scientists in all principal countries and of different opinions. 

The Federation declares its willingness to give its fullest support to 
any sufficiently qualified and representative conference. Such a conference 
was called for in the letter signed by Bertrand Russell, Albert Einstein, 
Frederic Joliot-Curie and other world-famous scientists. It should give 
effective expression to the moral responsibilities of scientists. The Federation 
will co-operate in this with other organisations of scientists to ensure that a 
conference is held as soon as it is technically possible. It is in this way, we 
are convinced, that scientists can best contribute to preventing atomic 
warfare and securing a permanent peace. 


(W.F.S.W. Bulletin, December 1955, No. 4) 
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T: USE OF nuclear and thermonuclear weapons in war would produce 


Statement issued to the Press on 5 January 1956 


on disarmament and on the abolition of nuclear weapons are giving 
risc to the grave risk of an intensification of the race in the develop- 
ment of these weapons. 

The test explosions of atomic and thermonuclear bombs which have 
taken place during the past few years have now been followed by an 
experimental explosion of a further hydrogen bomb in the U.S.S.R., while 
the United States and Great Britain have announced new series of tests. 

The pollution of the atmosphere by the accumulation of radioactive 
products is increased with every new explosion of such weapons. Never- 
theless these explosions are continuing despite the solemn warnings that 
have been issued by the most eminent scientists on the gravity of the 
genetic damage to future generations that may ensuc. 

Before these undeniable dangers, the World TFederation of Scientific 
Workers once again stresses the urgent necessity for statesmen to reach 
an agreement which will include the abolition of nuclear weapons and the 
control of this abolition. We are convinced that effective international 
control of such abolition is technically possible. 

Pending such agreement the World Federation of Scientific Workers 
supports the demands which have been made for the cessation of experi- 
mental atomic and thermonuclear explosions. 


T° DIFFICULTIES encountered up to now in reaching an agreement 


Signed: Professor F. Jotiot-Curie (France), President. 
Professor C. F. Poweut (Britain), Chairman of the Executive 
Council. 


Statement agreed at the Sixteenth Meeting of the Executive Council, Peking, 
April 1956 


many other organisations and a large number of individual scientific 
workers, including some who can speak with great authority, has 
on many occasions directed attention to the dangers associated with the 
continued production, stockpiling and test explosions of nuclear weapons. 

It believes that these dangers can only be eliminated by the con- 
clusion of a far-reaching agreement on disarmament and the outlawry of 
such weapons between the Great Powers. This Sixteenth Executive Council 
Meeting of the World Federation of Scientific Workers therefore welcomes 
the continuation of the discussions in the Disarmament Sub-Committee of 
the United Nations Assembly. It calls on all those participating to make a 
supreme effort to reach agreement on outstanding issues so that mankind 
may be delivered from the terrible threat of mass annihilation by which 
the world will continue to be oppressed until such an agreement is 
implemented. 

In the meantime tests of nuclear weapons by several countries con- 
tinue, in spite of the grievous injury inflicted as a result of previous tests; 
and even though the accumulation of radioactive products in the atmos- 
phere is increased with every new test explosion and the extent of the 
genetic damage to future generations which may follow is not yet known. 
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T* WoRLD FEDERATION OF SCIENTIFIC WORKERS, in common with 


We therefore stress the necessity to conclude immediately an international 
convention to outlaw all further tests of atomic and thermonuclear weapons. 
We would insist that the immediate prohibition of tests of nuclear weapons 
is entirely practicable since the detection of tests of such weapons presents 
no technical difficulties. 

In this grave situation we call on scientists in all countries to raise 
their voices with even greater determination, against the continued pro- 
duction, stockpiling and testing of these weapons, so that the great new 
sources of energy made available by man’s mastery of the forces of the 
atomic nucleus may be used exclusively for peaceful purposes, and to 
increase the wealth and happiness of all mankind. 


(W.F.S.W. Bulletin, August 1956, No. 2) 
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